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Cell lineage tracing revealed the reversion of liver tumor cells to normal hepatocytes during tumor regression of xmrk transgenic zebrafish Yan Li, Zhiyuan Gong National University of Singapore, Singapore
Our group has previously established several inducible hepatocellular carcinoma (HCC) models in zebrafish by transgenic expression of selected oncogenes. One common and important feature of these liver tumor models is the reversibility of tumor after suppression of oncogene expression by removing chemical inducer. This phenomenon could be useful to model the process of targeted cancer therapy in human. However, the question remains unanswered is whether the tumor cells have been eliminated or reverted to normal cells. For this, Cre/loxP based lineage tracing was carried out during tumor regression. Thus a new transgenic line, Tg(fabp10: loxP-EGFP-stop-loxP-DsRed; TRE: CreER T2 ) (abbreviated to CreER) was established and crossed the xmrk tumor line Tg(fabp10: rtTA; TRE: xmrk; krt8: EGFP). In the CreER/xmrk double transgenic fish under no induction, normal hepatocytes were GFP+. Doxycycline treatment activated xmrk oncogene and transformed hepatocytes into tumor cells that also expressed CreER; subsequent treatment of 4-hydroxytamoxifen activated Cre-mediated loxP recombination and irreversibly labeled tumor cells with RFP expression. In the established HCC of the CreER/xmrk fish, a labeling efficiency of N90% was achieved for the tumor cells. During tumor regression after removal of doxycycline, restoration of normal liver was contributed by both reversion of tumor cells (indicated by the presence of RFP+ hepatocytes) and differentiation of progenitor cells (indicated by the increase of GFP+ hepatocytes). Furthermore, transcriptome analysis of the fully restored liver suggested that the RFP + hepatocytes from the tumor cell lineage and the GFP+ hepatocytes from the progenitor cells shared very similar gene expression profile. Hepatocellular carcinoma (HCC) now is the sixth leading cancer worldwide and causes millions of death annually. HCC shows gender disparity during carcinogenesis, which means that men have significantly higher incidence and mortality rate of HCC than women. HCC seldom shows regression among patients, and whether the gender disparity shown in HCC regression now is unclear due to low frequency of the HCC regression and the few research on this phenomenon. In our lab, the transgenic zebrafish with xmrk and c-myc expression in liver showed rapid development of HCC during induction and rapid regression after withdrawal of the inducer, which makes it an appropriate tool for investigating the HCC regression. Sex hormones are believed to play an important role in gender disparity of HCC progression. In present study, the xmrk/myc adult fish with well-progressed HCC were recovering, along with different sex hormone treatments. After treatments, it showed that the HCC regression were accelerated by exogenous estrogen and slowed down by androgen treatment. Overall, our study presented that HCC regression showed significant gender disparity, and sex hormones affect regression of HCC, which may provide a new idea about HCC therapy. doi:10.1016/j.mod.2017.04.037
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Mutations in DZIP1L, which encodes a ciliary transition zone protein, cause autosomal recessive polycystic kidney disease Hao Lu
Institute of Molecular and Cell Biology, Singapore
Autosomal recessive polycystic kidney disease (ARPKD), usually considered to be a genetically homogeneous disease caused by mutations in PKHD1, has been associated with ciliary dysfunction. Here, we describe mutations in the DAZ interacting protein 1-like (DZIP1L) gene in patients with ARPKD, findings we have further validated by loss-of-function studies in mice and zebrafish. DZIP1L localizes to centrioles and at the distal end of basal bodies, and interacts with septin2, a protein implicated in maintenance of the periciliary diffusion barrier at the ciliary transition zone. Consistent with a defect in the diffusion barrier, we found that the ciliary membrane translocation of the PKD proteins, polycystin-1 and -2, is compromised in DZIP1L mutant cells. Together, these data provide the first conclusive evidence that ARPKD is not a homogeneous disorder, and establishes DZIP1L as a second gene involved in its pathogenesis. Virtually all embryos show multiple abnormal phenotypes and amongst the 42 lines these affect most organ systems. Within each mutant line, the phenotypes of individual embryos form distinct but overlapping sets. Subcutaneous edema, malformations of the heart or great vessels, abnormalities in forebrain morphology and the musculature of the eyes are all prevalent phenotypes, as is loss or abnormal size of the hypoglossal nerve. The most striking finding is that no matter how profound the malformation, each phenotype shows highly variable penetrance within a mutant line. These findings have challenging implications for efforts to identify human disease correlates. Gorlin syndrome is a rare autosomal dominant disorder, characterized by developmental abnormalities and predisposition to malignant cancers, including basal cell carcinoma, medulloblastoma, and rhabdomyosarcoma, as well as benign tumors, such as keratocystic odontogenic tumors (KCOTs) and ovarian and cardiac fibromas. The Hedgehog receptor PTCH1 has been designated to be responsible for Gorlin syndrome. Among these tumors, KCOTs are exhibited by more than 80% of patients with Gorlin syndrome from a very early age. PTCH1 mutations have also been reported in patients with the sporadic type of KCOTs. KCOTs are benign neoplasms of odontogenic origin, with a lining characterized as the parakeratinized squamous epithelium. Compare with studies on other tumors, those on KCOTs have been delayed because of the lack of a proper in vitro system. We established two KCOT cell lines, one each from a patient with Gorlin syndrome and a patient with sporadic tumor, to understand the nature and origin of KCOTs. The Gorlin syndrome-derived KCOT cell line iKCOT1 retained a germlinemutated PTCH1 allele and a wild-type PTCH1 allele. The sporadic KCOT-derived KCOT cell line sKCOT1 had different loss-of-function PTCH1 mutations on both alleles. Both cell lines expressed stem cell markers (CD44, SOX2, and BMI1), mesenchymal cell markers (CDH2, VIM, and SNAI2), and a neurogenic marker (NEFL). Culturing the cells in media with high calcium concentration induced the expression of epithelial cell and keratinocyte marker proteins (CDH1, CLDN1, IVL, and KRT10) and reciprocally reduced mesenchymal cell marker proteins. Under the high calcium condition, parakeratosis, which is characteristic of KCOTs, was observed in normal and three-dimensional cultures. The similarities in protein expression patterns and RNA-seq results between the two cell lines indicated that common mechanisms underlie the development of both types of KCOTs and the presence of a probable common origin of KCOT cells. Although some vessel-like structures are formed in vitro, they are not perfusable due to their blind-ends. To make vessel-like structures perfusable, we previously presented a microfluidic device to connect a vessel-like structure with microchannels (EMBO organoid symposium 2016). In this study, we report a tumor spheroid culture in perfusion condition to mimic tumor microenvironment.
We used a tri-culture spheroid as a tumor model which comprised of human lung fibroblasts (hLFs), human umbilical vein endothelial cells (HUVECs) and human breast cancer cells (MCF-7). A microfluidic device consisted of three channels separated by microposts (Kim et al., Lab Chip 2013) . A central channel was used for cultivation of a spheroid in fibrin-collagen gel. HUVECs were introduced to fibrin gel-medium interfaces to facilitate connections between vasculature and microchannel. The cells were incubated in a static condition to connect the vessel-like structures in the spheroid with microchannels. After 7 days in static culture, microchannels were connected with a syringe pump and perfusion culture were observed for 5 days.
By secretions from LFs in a spheroid, angiogenic sprouts were formed and migrated toward the tumor spheroid. After 2 days in static culture, angiogenic sprouts from both ends reached the spheroid and finally formed a perfusable vasculature on day 7. Next, we investigated a perfusion culture using a constructed vasculature. During the perfusion culture, we observed vascular remodeling, such as vascular dilation, which could not be observed in the static condition. The spheroid condition is under investigation. These results suggested that our vasculatures are applicable to perfusion culture and the vascular patterns can be flexibly remodeled by environmental stimuli, which is suitable for various tissue culture including a tumor. Despite being highly structured, bone and cartilage can get infections through physical eruption, trauma or bacterial systemic
